other mixtures, e.g. of C22H4402 and C24H4802, which have been examined [Chibnall, Piper & Williams, 1936] , show too many irregularities to be used for direct comparison. Some estimate of the nature of the impurities present may, however, be made by correlating the X-ray measurements with the general observations made by Chibnall et al. [1936] on the behaviour of fatty acid mixtures. For this purpose measurements had to be made of both the B and C polymorphic modifications, the X-ray photographs usually being taken of samples pressed lightly on to glass slides.
A. The original preparation, when recrystallized from acetone, showed X-ray lines corresponding to the C modification alone. On recrystallization from benzene and from acetic acid, preparations were obtained, both of which showed lines due to B and C modifications on the same photograph. Such behaviour was noted by Piper and co-workers [Chibnall et al. 1936] in the binary mixture containing 2.5-10% and 80-90 % of the lower constituent.
Here the C spaci#g is slightly lower, the B spacing slightly higher than, the best values for pure C22H4402 . Both these types of spacing change may be due to mixture of a small quantity of C20H4002, say 2-5-10%, with C22H4402, but it seems very probable that the fraction still contains traces of other acids, particularly C24H4802.
IIIR5. This fraction, when recrystallized from methanolethyl acetate, showed the B spacing alone. While the spacings. both of this, and of the methyl ester, are intermediate between those of C22H4402 and C24H4802, the data do not fit very well with the observations that have been made on mixtures of synthetic C22114402 and C24H4802, so that the mixture is presumably more complex. /SUMMARY 1. The isolation of behenic acid from refined mona wax is described.
2. The results of X-ray crystallographic examination of the product, by C. H. Carlisle & D. Crowfoot, are reported. They confirm the conclusion that the isolated product consists largely of behenic acid. Several attempts have been made to determine the rate of excretion of antimony compounds during the treatment of tropical diseases, and so to control dosage and avoid toxic symptoms. The early qualitative tests for the presence of the metal in urine [Di Cristina & Caronia, 1916; Mallardi, 1921] were replaced by quantitative methods based upon the colorimetric determination of antimony as sulphide [Brahmachari, Das & Sen, 1923; Khalil, 1931] or by a modification of the Gutzeit test [Boyd & Roy, 1929] . A summary of this work is given in Table 1 . All the quantitative procedures were tedious; the degree of accuracy was low, and the chemical treatment made it impossible to distinguish between tervalent and quinquevalent antimony in the original samples. The subjects were various human patients and laboratory animals, and a number of different antimony compounds were used, with varying dosages and methods, so that no scale of comparison had as yet been provided. The present work provides such a scale for a number of widely used antimonials which have been injected in comparable doses into the same species of laboratory animal. It also introduces the rapid method of polarography for the direct determination of antimony in both tervalent and quinquevalent forms. A short summary of a few of our results has already been recorded [Goodwin & Page, 1942] . Roncato & Bassani [1934] and Kamegai [1939a, b] ; for lead in blood by Teisinger [1938] , in urine by Reed & Gant [1942] , and in both blood and urine by Cholak & Bambach [1941] ; for alkali metals in blood by Schweitzer [1936] and in urine by Kemula & Michalski [1939] . The determination of arsenic in biological materials has recently been reported by Bambach [1942] . The lengthy pretreatment is typical of the procedures usually required for the polarographic examination of such materials. The polarographic determination of antimony was described by Page & Robinson [1942] [Kolthoff & Lingane, 1941; Muller, 1941] of the principles of analysis with the dropping mercury electrode have been published, and these should be consulted for practical details of the standard procedures. The general factors to be considered in quantitative work have been reviewed by Kolthoff [1942] .
The polarograph has been widely used for the determination of the inorganic constituents of biological materials, but the procedures are frequently tedious, since many organic substances are reducible at the cathode and the materials have consequently to be prepared for analysis by special pretreatments. Such methods have been described for the determination of copper in liver ash by Shoji [1931] andcMandai [1931] (b) For estimation of total antimony. 5 ml. of the urine sample after treatment with HCI were boiled for 10 min. with about 0-05 g. Na sulphite, cooled, made up to 5ml. with a few drops of strong HCI, and the total Sb determiLed. It is essential to boil off all the SO2, since Na2SO3 in N HCI yields a step of its own, which seriously interferes with the Sb step.
Polarographic estimation of antimony in blood (a) Estimation of tervalent antimony. It is essential that the necessary treatment of the blood before polarography should not change the valency state of the Sb present, and that the reagents used should not interfere with the polarographic step for Sb. A preliminary investigation on the influence of protein precipitants was therefore necessary.
Whole blood, serum or plasma cannot be used directly, since on addition of HCI the protein is precipitated and carries down a considerable proportion of the Sb with it. Trichloroacetic acid, tungstic acid and zinc hydroxide interfere with the polarographic step. The only suitable protein precipitant is sulphosalicylic acid, which has been used by Brdicka [1938] and also by Waldschmidt-Leitz & Mayer [1939] for the removal of protein from 200 I943 serum, in their investigatiohs on the polarographic detection of cancer. However, some loss of Sb occurs with whole blood and sulphosalicylic acid, even if the blood is diluted to 1 in 20, but the loss with plasma is considerably less, due to the smaller amount of protein precipitated from it.
(Jolorimetric e8timation of antimony in urine A modification of Clarke's method [1928] was used. The urine was boiled with copper foil in the presence of HCI, the deposited Sb dissolved from the foil with Na202 and water, and any copper 29.0 Table 2 shows the percentage recovery of tervalent Sb from citrated blood and plasma to which known amounts of stibophen were added. The same quantity of stibophen was added to nos. 1, 2 and 3. Nos. 4 and 5 were obtained by centrifuging a sample of no. 1 immediately after the addition, while nos. 6 and 7 were obtained after the blood had been standing for 6 hr.
The technique finally adopted was as follows: 1 ml. of the citrated blood was mixed with 19 ml. of distilled water in a centrifuge tube. 2 ml. of 20 % sulphosalicylic acid were added and the tube spun for 15 min. 5 ml. of the clear supernatant liquid were pipetted off, treated with 1 ml. of strong HCI, made up to 10 ml. with distilled water and examined immediately on the polarograph. The recovery of tervalent Sb was about 80%.
(b) E8timstion of total antimony. 1 ml. of citrated blood was pipetted into 7-5 ml. of 10 % HCI and refluxed in a 50 ml. flask on a sand-bath for 2 hr., during which time the contents of the flask became clear except for a few brownish specks. After cooling, filtering and diluting to 20 ml., the solution was ready for the polarograph.
In the course of this process, all the Sb was reduced to the tervalent form, whatever had been its state in the original blood. The recovery was good, amounting to over 90 % of the theoretical value when tested upon blood containing known amounts of stibophen or Na antimonyT gluconate.
(c) Di8tribution of antimony between corpuscle and plasna. When the plasma was separated from a sample of blood to which Sb had just been added, the recovery was found to be more than 100%. The corpuscles, on the other hand, contained practically no Sb, indicating that little had been absorbed. After standing for 6 hr., the concentration in the corpuscles was still very much lower than that in the plasma. 
RESULTS
The rate of urinary excretion of organic antimonial8 by laboratory animaZl (1) Preriminary work u8ing the colorimetric method. Boyd & Roy [1929] studied the excretion of 'neostibosan' (diethylamine p-aminophenylstibonate) after intravenous and intramuscular injection into kala-azar patients, and showed that the initial rate of excretion of Sb in the urine was very high, about 20 % of the dose being recovered in the first 21 hr. Stibamine glucoside ('neostam') is a quinquevalent compound of the same type as neostibosan, and its rate of excretion by mice was determined to see how it compared -with that substance. A few tests were made on rats and hamsters, and certain other Sb compounds were also used. The results in Table 3 are a useful check on the more accurate polarographic determinations recorded in the following section (b).
(2) Results using the polat'ograph. The excretion of the following tervalent and quinquevalent antimonials was investigated:
Tervalent. K antimonyl tartrate. Stibophen ('Fouadin')-Na antimony"it bi8-pyrocatechol-3:5-disulphonate. 'Anthiomaline'-Li antimony'll thiomalate.
Quinquevalent. (a) ('emetic type'). Na Sbv gluconate (= 'Solustibosan'?). 2-4 4-6 6-6 6-1 8-0 6-0 5-3 8-1 8-2 6-9 11-4 5-1 3-2 40 13-0 3-2 8-9 40 6-9 2-7 2-3 13-6 3-2 1-1 9-6 2-2 17-6 6-6 4-9 2-3 2-5 1-7 [Gray, Trevan, Bainbridge & Attwood, 1931] . 'Stibacetin'-Na p-aminophenylstibonate. Na antimonyv gluconate, stibophen and tartar emetic were given, by the subcutaneous, intraperitoneal and intravenous routes, the first two compounds in both large and small doses. The small dose level of about 3.5 mg. Sb/kg. of mouse was the equivalent of about twice the ordinary therapeutic human dose. Smaller doses were not used, as the limit of sensitivity of the method was reached in the case of the 6-24 and 24-48 hr. samples.
The large dose level of 35 mg. Sb/kg. was, of course, much larger than is ever given in clinical practice, and with some of the compounds given (tartar emetic, anthiomaline, urea-stibamine) was impracticable owing to its toxic effect. An intermediate dose was given in most of these cases. The full range of results is given in Table 4 and some examples are shown graphically in Figs. 2, 3 and 4. A single experiment was made using a rabbit, to determine the rate of excretion of Na antimonyv gluconate at shorter intervals than 1 hr. after the injection. The animal was anaesthetized with nembutal, and a cannula tied into the left ureter. A dose of the compound containing 10 mg. Sb was injected into the left jugular vein, and the urine collected at 15 min. intervals, the cannula being washed out at each collection. Quantities of 4-8, 5-1, 4-9 and 4-6 % of the Sb in the dose injected were recovered during the first hour-19-4 % in all.
For comparison with the excretion rates, the total blood Sb levels in mice given the largest doses (35 mg. Sb/kg.) of stibophen and Na antimonyv gluconate by the three routes of injection were determined at intervals. Mice weighing 20-25 g. were used, and groups of four killed from time to time. The heart blood from all members of one group was pooled, and 1 ml. taken for a determination (Table 5) .
(3) Discussion. The excretionresults show general agreement with-earlier workers. The large doses of stibophen and Na antimonyv gluconate were excreted at a higher initial rate than the small doses, especially after intravenous injection. After the first hour, the rates of excretion at the two dose levels did not differ very greatly. By the end of 48 hr., almost the same total percentage of the dose 202 I943 Dose m~ Vol. 37 IL given had been excreted at both dose levels, the excretion rate during the 6-48 hr. interval being proportionately greater with the small doses. Weese [1938b] suggests that the large doses flood the whole body, and the 'overflow' is excreted very rapidly, the amount of the overflow depending upon the amount injected. Tartar emetic shows a fairly constant rate of excretion over the first 6 hr., but the rate is considerably greater with mice than has been reported in human clinical cases [Brahmachari et al. 1924; Boyd & Roy, 1929; Hassan, 1937] . The most rapidly excreted antimonial in the quinquevalent group was Na antimonyv gluconate, and then in order came stibacetin, stibamine glucoside, urea-stibamine and neostibosan-though there was little to choose between them. Stibophen in the tervalent group was not a great deal slower than
The rabbit experiment showed an almost constant rate of excretion during the first hour after a dose of Na antimonyv gluconate. If the other kidney is assumed to have excreted at the same rate, about 40 % of the dose was eliminated in the first hour, a result which agrees with the mouse experiments.
From Table 5 it will be seen that in the course of about 3 hr., all measurable amounts of Sb had disappeared from the blood stream. It is interesting to see how efficient the absorption of the two 204 I943 compounds investigated appears to be. In the time taken to kill a mouse and remove blood from the heart, appreciable quantities of Sb reached the blood stream after subcutaneous and intraperitoneal injection.
The excretion of antimony by human aubject The polarographic method was applied to the determination of Sb excretion in human subjects. Doses were given intravenously or intramuscularly, and the urine and the capillary or venous blood collected at intervals. Polarographic measurements were much easier than with mice, owing to the larger amounts of Sb present. The results are shown in Tables 6 and 7 and Fig. 5 , and though the number of experiments is small, it will be seen that in the case of Na antimonyv gluconate, the results correspond to the values for mice fairly closely. With stibophen, however, the rate of excretion is rather slower than in mice, though it should be noted that the small dose given to the mice was 5 times the equivalent of the largest human dose (subject 2). Individual variations were marked. A dose of Na antimonyv gluconate was much more rapidly excreted than one of stibophen containing an equivalent amount of Sb. Hassan [1937] published some results about stibophen excretion, but subsequently corrected these [1938a] , as it was found that a considerable proportion of the Sb in the drug used in the earlier experiments had become oxidized to the quinquevalent state. Our results agree with those given in Hassan's first paper, though the drug we used was completely free from quinquevalent Sb. It is perhaps worth noting that the 'rise' in excretion rate reported by Hassan after 24 hr. is due to the fact that the period of collection of urine was longer than for the earlier samples. If the excretion per hour is calculated, the results lie upon a steadily falling curve.
The influence of the valency of injected antimony on its metabolic fate The low toxicity of the quinquevalent compounds must be due, in part at least, to their high rates of excretion. Their therapeutic advantages over the tervalent compounds in the treatment of kala-azar have never been satisfactorily explained. A direct leishmanicidal action is not generally favoured, owing to the low toxicity of the compounds to mammals, and it is unlikely that mere stimulation of the host's reticulo-endothelial system could accountfentirely for their activity.
It has therefore been assumed by'analogy with the quinquevalent arsenic compounds that reduction takes place in the body to the tervalent state, the stibinoxide grouping (R-Sb-O) being parasiticidal. Since it has been shown above that the polarographic method will distinguish between tervalent and quinquevalent Sb, this method seemed to offer a new approach to the problem. Brahmachari et al. [1924] showed that although the initial excretion of urea-stibamine was rapid, the rest of the dose came away slowly at about the same rate as a dose of tartar emetic, and advanced this slender evidence as proof that the slowly excreted fraction of the quinquevalent compound had been reduced. Bock [1927] thought to show from the results of toxicity tests that the Sb of stibophen was oxidized to the quinquevalent state and so detoxicated. Before the application of the polarograph to the problem, one of us had shown that it was very unlikely that any change in valency had occurred in the initially excreted Sb. The 24 hr. urine collected from groups of 10 mice injected with stibophen or Na antimonyv gluconate was passed through a Seitz filter, and the Sb content determined colorimetrically. Doses of the excreted Sb were then injected into mice infected with Trypanosoma equiperdum, using animals dosed with fresh solutions as controls. No trypanocidal activity at all was observed with Na antimonyv gluconate or with the corresponding urine, but with stibophen the activity at three dose levels was almost identical with that of urine containing the equivalent amounts of Sb. As Na antimony"1' gluconate has a marked trypanocidal action, and the quinquevalent analogue of stibophen no action at all, it appears that no valency change could have taken place.
By means of the polarograph, it could easily be demonstrated that up to the sixth hour no measurable amounts of Sb of changed valency were excreted either in animals or in man. Also, by precipitating the protein in mouse blood with sulphosalicylic acid, it was shown that the Sb in the clear solution was unchanged in valency after subcutaneous or intravenous injection of Na antimonyv gluconate. It was, however, more difficult to be sure of the fate of the Sb remaining in the tissues after the first few hours of excretion. The amounts of substance in every case were very small, and it was difficult to be sure that any valency change observed had occurred in the body, and not during subsequent treatment.
The presence of HCI is essential for these polarographic estimations, and this introduces certain limitations, e.g. it was found that when quinquevalent compounds were treated with normal HCI, hydrolysis took place with the formation of tervalent Sb. Thus with 0-02 % solutions of stibamine glucoside, neostibosan, urea-stibamine and stibacetin, about 30-50 % of the Sb was recorded as tervalent on the polarogram. The hydrolysis took place immediately upon addition of the acid, and no appreciable change was observed on standing for 1 hr. In the case of Na antimonyv gluconate however, the reduction was only very slight-about 1-2 % with a 0-02 % solution, and very much less with more concentrated solutions. This is presumably because, unlike other quinquevalent antimonials, the Sb is here joined to the carbon through the oxygen atom, and not directly.
We evidence that the toxic tervalent compound had been produced. Our choice of a quinquevalent compound for the investigation of valency changes was therefore limited to Na antimonyv gluconate, which had to be free from any tervalent Sb, since the presence of as little as 0-1 % of tervalent Sb has been found to be associated with increased toxicity.
Another source of difficulty when dealing with the valency state of Sb excreted in 24 hr. samples of urine, was the change which occurred on standing. The Sb in stibophen, for example, becomes progressively oxidized to the quinquevalent form if bacterial growth is not prevented. Table 8 shows the effect of unrestrained bacterial activity on urine containing a known amount of stibophen. Urine cultures were of the type used for the routine preparation of yellow-fever virus, and were kindly provided by Dr F. 0. MacCallum. Control cultures which had been killed by heating were incubated at the same time, and although the differences shown in Table 10 are small, there was a distinctly larger amount of tervalent Sb in the living than in the dead tissue cultures. A similar small effect was observed upon incubating with liver slices in Tyrode solution.
When a known amount of Na antimonyv gluconate (_ 2 mg. Sbv) was incubated with an emulsion of mouse liver (2 g. in 20 ml. saline) 8 % of the Sb was reduced in 3 hr., and 9 % in 24 hr. With an emulsion of kidney (0.5 g. in 20 ml. saline) about 4 % was reduced in 24 hr. No in vivo trypanocidal activity could be detected in the incubated solutions, and it appears therefore that the reduction of Sb by living tissues is less rapid than the reduction of quinquevalent As [Levaditi, 1909 a, b; Lourie, Murgatroyd & Yorke, 1935] .
(b) Excretion experiments. It is in the later fractions of urine collected after a dose of Sb that any reduced substance must be sought. Since, when mice are used, the absolute amounts present in these fractions are very small, we turned our attention (a) In vitro experiments. Table 9 shows the effect of incubation at 370 of normal rabbit blood containing Na antimonyv gluconate equivalent to 0-001 g./100 ml. of Sb. Samples were withdrawn from time to time, treated with sulphosalicylic acid to remove the protein, and the Sb content determined.
It will be seen that there is a small but significant increase in the proportion of tervalent Sb present after 72 hr. The tervalent Sb recorded in the fresh solution is due to the slight reduction by HCI. to human experiments. The urines collected from subjects 2 and 3 showed a considerable amount of tervalent Sb, but as they had been allowed to stand 5-5 7-1 a considerable time with HCI, this evidence was worthless. The urine samples from subject 1, however, were acidified and polarographed immediately on collection, so that any tervalent Sb present must have been produced in the body.
The proportions of tervalent to total Sb present are shown in Table 11 . The fractions collected at all periods except the 12-24, 28-33, and 33-45 hr. collections were from a single emptying of the bladder, and they show a considerable, and increasing, proportion of tervalent Sb. (c) Antimony in the body organs. We have confirmed the findings of other workers [Boyd, Napier & Roy, 1931; Hassan, 1938b] that Sb is concentrated in the liver, and is present in only very small quantities in the other organs if the animals are not killed immediately after injection. The livers of treated rabbitsandmice contained easilymeasurable amounts of Sb determined by the method for total Sb in blood as is shown in Table 12 . In order to (Received 4 December 1942) Two methods are generally used for the biological assay of vitamin Da on chicks, viz. the A.O.A.C. method which uses the bone ash of the tibia as a criterion of response, and the method of Olsson [1936] , inwhichthetarso-metatarsaldistance (t.m.t.) measured on an X-ray film is so used. Both methods use criteria which are measured in fundamental units (mass or length, respectively). This gives them an advantage over those methods used in rat assoys where a visual estimate is made by comparison with an arbitrary set of standards. The Olsson radiographic method also involves less time, expense and labour, since the chicks are not killed. The technique has been described elsewhere [LIsson, 1936; Baker & Wright, 1940] and the method has been adopted (1940) as standard by the British Standards Institute.
The present paper deals with some investigations on the nature of the test diet and its effect on the t.m.t. distance, and shows that on a suitable diet, gain in weight runs parallel with decrease in t.m.t. 
